A highly efficient method for the synthesis of dihydropyrazole derivatives has been established by using CaO as a solid basic catalyst. It was found that a 77.1% yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide was obtained at ratio of aminourea hydrochloride/chalcone of 1.2:1 after 3 h at a reaction temperature of 65℃. The reaction efficiency was greatly enhanced, with the 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide yield reaching 91.2%, when the commercial CaO was modified by benzyl bromide in a simple way. The effects of modification and reaction conditions on the yields as well as the mechanism were studied thoroughly. From the results of FTIR and thermogravity analysis characterisation, the modifier was shown to be bonded on the surface of CaO chemically, and almost no Ca(OH) 2 was formed during the modification process. The type of chalcone has a strong influence on the yield of dihydropyrazole derivative.
INTRODUCTION
Dihydropyrazole derivatives are important five-membered, nitrogen-containing heterocyclic compounds and they have N atoms which attain conjugation as electron donors. Recently, great attention has been focused on dihydropyrazole derivatives due to their significant biological activity. They have been found to possess antimicrobial [1, 2] , antiamoebic [3, 4] , antinociceptive [5] , anticancer [6] , antidepressant [7] and anti-inflammatory properties [8, 9] . The preparation of dihydropyrazole derivatives has been reported under conventional onepot homogeneous conditions using a liquid base as catalyst [10, 11] . In order to improve the reaction efficiency, some enhanced methods for the synthesis of dihydropyrazole derivatives have been developed. Sheike et al. [12] have reported a conventional one-pot Claisen-Schmidt condensation for the synthesis of targeted dihydropyrazole derivatives using chalcones by a fast, mild, and high-yielding ultrasonic irradiation methodology with overall yields of 65-82%. However, www.prkm.co.uk while reactions with impressive high conversion are also realised using various homogeneous bases such as NaOH or KOH with pyrazolylpyrazolines yield of 90-92% [12, 13] , these reagents are corrosive, toxic, non-reusable and also produce neutralisation waste [14] . To solve the problem associated with homogeneous bases, a solid catalyst has been reported. Razieh et al. [15] developed efficient nanocast materials by a two-step reaction involving deposition of a Cs 2.5 H 0.5 PW 12 O 40 (CsHPW) salt nanocrystal using 2D hexagonal SBA-15 silica as a template for the nanofabrication of CsHPW nanoparticles. However, the catalytic properties of nanocast materials depend significantly on their preparation methods and the preparation process is so complex. CaO, a strong base with low cost, has most potential for catalysing the synthesis of dihydropyrazole derivatives. However, this kind of solid base has not widely reached the industrial scene for the technical aspect about the stability of these catalysts upon exposure to moisture. The basic sites of alkaline-earth metal oxides or hydrotalcite-like sample surfaces are readily degraded by air due to the adsorption of CO 2 and H 2 O on the surface [16] . Furthermore, for the two-phase reaction condition consisting of a solid catalyst and liquid reactants, the single contact between reagents and catalyst is the main limitation of the reaction efficiency, which causes the catalyst to be less active than a homogeneous strong base, such as sodium hydroxide solution. In this work, a heterogeneous synthesis of dihydropyrazole was established using commercial CaO as a solid base catalyst. The optimum reactions conditions were investigated, including the effect of temperature and the amount of catalyst. Furthermore, CaO as modified by benzyl bromide was developed to investigate its catalytic activity in the synthesis of dihydropyrazole, and the effect of loading of the modifier was also optimised.
EXPERIMENTAL

Modification of CaO
Commercial CaO was purchased from Sigma-Aldrich with a purity of 99%. The surface modification procedure was as follows: an appropriate amount of commercial CaO particles without any thermal pretreatment (2.8 g, 100-160 mesh) was added directly into benzyl bromide/methanol solution (40 mL) with stirring at room temperature for activation as suggested (Scheme 1). The content of benzyl bromide was varied over the range from 0.01 to 0.5%. After 24 h, the mixture was separated and washed with methanol to remove excess modifier, and the modified CaO was obtained after a vacuum drying process. In order to increase the reproducibility, the particles were sieved before use. Particles of 100-160 mesh size were selected for all experiments.
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Humidity test
Quantities of commercial CaO, and of modified CaO particles, were kept in a container under saturated humidity at room temperature for several days to allow the absorption of water on the surface. The samples were weighed at regular time intervals. The rate of moisture absorption (%) of the samples was evaluated by the following equation, with ∆m as increase in weight, and with m 0 as the initial weight. 
Synthesis of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide derivatives
The synthetic route to 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide derivatives is shown in Scheme 1 using aminourea and chalcone prepared according to the literature as starting materials. A certain amount of catalyst was added into the stirred methanol solution of chalcone and hydroxylamine with stirring. The reaction mixture was heated and the progress of reaction was monitored by TLC. After completion, the reaction mixture was cooled to room temperature and the solvent was evaporated in vacuum, and the crude product was purified by column chromatography (silica gel, 60-120 mesh; petroleum ether/ethyl acetate 5-10/1, v/v) to afford a pure compound.
Characterisation of catalyst
A FTIR spectrophotometer (Nicolet Nexus 670, USA) was used to identify the surface group over the catalyst. Thermogravimetric analysis (TGA) experiments were carried out using a Q600 SDT thermal analysis machine (TA Instruments, USA) under a flow of air in the temperature range from 25 to 800℃ with a ramping rate of 10℃ min -1 .
RESULTS AND DISCUSSION
Characterisation of catalyst
The IR spectra of commercial CaO and the modified CaO were shown in Figure 1 . The spectra display bands at 867 and 1,477 cm -1 corresponding to the vibrational modes of mono and bidentate carbonates. It is also clear from the characteristic www.prkm.co.uk C=O absorption between 2000 and 1600 cm -1 that calcium carbonate is formed in both of the catalysts. However, there is no great difference between their intensity, suggesting carbonation by aerial CO 2 is very slight over the modified CaO. The bands at 1,621 and 3,460 cm -1 are associated with adsorbed water. The important features of the modified CaO appear in the C-H (alkane) stretching (2,800-3,000 cm -1 ) and bending (1,440 cm -1 ) [17] . The vibrations of aromatic carbon double bonds causes the enhancement of intensity at 1,600 and 1,580 cm -1 and the aromatic carbon-hydrogen stretch (3,060 cm -1 ) are evidence of the phenyl groups, which suggest the successful modification of the commercial CaO [18] . Figure 2 shows the TG/DSC thermograms of commercial CaO and modified CaO. There are two steps in the TG curve between the temperature range from 400 to 700℃ due to the loss of H 2 O and CO 2 . Furthermore, the DSC curve of the modified CaO presents two broad peaks at 450 and 700℃ corresponding to the decomposition of Ca(OH) 2 and CaCO 3 formed by the hydration and carbonation of CaO during storage and preparation, which moves to a higher temperature range compared with commercial CaO (339℃ and 614℃). This indicates that the thermal stability of the modified CaO is enhanced.
Humidity test
The great limitation to CaO for its wide application into various reactions as a solid base catalyst is due to the poisoning effect of H 2 O adsorption during the catalyst preparation process. In this work, surface modification has been explored by anchoring an organic halide on the CaO surface to improve its stability in air. The loading of modifier, benzyl bromide, is an important factor in influencing the rate of moisture absorption by the catalyst and hence its performance in catalysis for the synthesis of dihydropyrazole. So the humidity test over modified CaO as a function of modifier loading in the range from 0.01 to 0.5% was carried out and the results are summarised in Figure 3 . For comparison, the unloaded sample was also included. All of the tested samples were kept in a vapour-saturated container at room temperature to allow the hydration and carbonation, and the weight of each www.prkm.co.uk sample was measured at regular time intervals. From the results, it can be seen that the moisture absorption rate continues rising for all samples with time, indicating the unavoidable poisoning by atmosphere CO 2 and H 2 O. However, for the unmodified CaO particles, the moisture absorption rate increases rapidly and reaches to nearly 100% within 50 h, while a very low weight increase occurred over modified CaO at the same time, especially for 0.2% benzyl bromide-modified CaO, with only a 5.29% moisture absorption rate being found even after 200 h. It is obvious that the surface modification improves the moisture resistance of commercial CaO effectively, which is important in the synthesis of dihydropyrazole where water is eliminated in the reaction between aminourea and chalcone.
Comparison of activity of different catalysts
Normally, the homogeneous basic catalyst, NaOH operates efficiently with good yield and selectivity for the synthesis of dihydropyrazole derivative. A comparison was made of the catalytic activity of conventional homogeneous bases with commercial CaO in the synthesis of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide from aminourea and chalcone, as operated under reflux condition with a catalyst amount of 20 wt% after 3 h. From the results (Figure 4) , it can be seen that yield of 3,5-diphenyl-4,5-dihydropyrazole-1 -carboxamide as catalyzed by the homogeneous catalyst, NaOH, is comparable to the result for CaO under identical reaction conditions, while the lowest catalytic activity is shown for the heterogeneous reaction in the prescence of the solid base, Na 2 CO 3 , with a yield of only 42.8%. This can be attributed to the strong basic sites of CaO, which are the active sites for the abstraction of a proton from the aminourea molecule in the initial reaction and to promote the dehydration at the end of the reaction. The yield of pyrazoline derivatives can be greatly enhanced to 91.2% under optimum reaction conditions if the modified CaO is used. Both www.prkm.co.uk the optimisation of the reaction conditions and the possible reason for the high activity of modified CaO, have also been investigated as discussed below.
Effect of amount of catalyst
In order to check the effect of the amount of catalyst on the reactivity, the optimum amount of catalyst was investigated over commercial CaO with reaction time of 3 h, and an aminourea/chalcone molar ratio of 1:1 under reflux. As indicated from Figure 5 , a small amount of catalyst fails to instigate reaction, and at a lower amount of catalyst, i.e. 1%, only a 20.1% yield of target product was observed. On increasing the amount of CaO up to 20 wt%, the yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide was increased up to 71.2%, which can be attributed to an increase in the availability of catalytically active. However, further increase in the amount of catalyst above 20% causes the yield of produce to decrease due to the absorption of product on the surface of CaO.
Effect of reaction temperature
The influence of the reaction temperature on the yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide was investigated with temperature ranging from 20 to 65 °C taking an aminourea /chalcone molar ratio of 1:1 and 20 wt% CaO. The results strongly confirm previous reports that the yield of product monotonically with reaction temperature as inferred from Figure 6 . Since only a slight increase of yield is obtained when the reaction temperature is above 60 °C, and the boiling point of methanol is 65℃, the optimum reaction temperature was selected as 65℃ in following experiments.
Effect of molar ratio of aminourea hydrochloride/chalcone
Generally, an equimolar ratio of aminourea /chalcone is required for the synthesis of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide; in our research, excess aminourea was used to improve the conversion of chalcone, and the effect of www.prkm.co.uk the amount of aminourea on the yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide was also investigated and is summarised in Figure 7 . From the results, it can be found that the highest yield, 77.2%, was obtained at a 1.2:1 molar ratio of aminourea /chalcone, while the yield of target product drops sharply when the molar ratio of aminourea /chalcone rises to 1.5:1, due to side-reactions. So the molar ratio of aminourea /chalcone was settled at 1.2:1 in the following experiments.
Effect of loading of modifier
The loading of modifier has a great effect on the reactivity of modified CaO. In our work, the catalytic data over modified CaO, with different amounts of benzyl bromide at an aminourea /chalcone molar ratio of 1.2:1 under refluxing, are displayed in Table 1 . From the results, it can be seen that, compared with commercial CaO, the yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide over modified CaO is enhanced and the highest yield of 91.2% can be obtained under the same reaction conditions when 0.01% benzyl bromide was used for the modification of CaO. The high activity of modified CaO should be attributed to the hydrophobic layer formed by the phenyl groups of benzyl bromide. On the surface of commercial CaO, the absorption of polar hydroxylamine is easier than that of chalcone. After modifying, the polarity of commercial CaO is reduced, which has the potential to improve the absorption and diffusion of the aminourea and chalcone to the CaO surface by the similar polarity of benzyl bromide with the reactants. More or less modifier does not benefit the yield of product due to the 
Catalytic performance of different chalcones
The reactions of aminourea with different chalcones over commercial CaO and 0.01% benzyl bromide modified CaO were investigated under the optimum reaction conditions (catalyst amount = 20 wt%, reaction time = 3 h, reaction temperature = 65℃) and the results are shown in Table 2 . From these, it was found the modified CaO can catalyse the reaction in much shorter times to give high yields of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide. Furthermore, we find www.prkm.co.uk that substituents on the chalcone also have a great effect on the yield of product. The chalcones with electron-withdrawing groups (EWG) (entries 6-9) give higher conversions, while those with electron-donor groups (EDG) give lower conversions.
Catalytic mechanism
A possible reaction mechanism for the reaction between chalcone (A) and aminourea (B) over CaO is illustrated in Scheme 2. In this case, CaO captures a proton and promotes the N atom to attack the C=C bond of the α,β-unsaturated ketone associated with a series of rearrangements in C, by a typical Michael reaction, forming intermediate D. In the following step, the -NH 2 group condenses with the C=O group through two steps, enhanced by the CaO forming the target compound, 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide (F). For the chalcone with an electron-withdrawing group (EWG), the α,β-unsaturated ketone part is activated, so the reaction with aminourea will be easier than with a chalcone with an electron-donor group (EDG). Besides, the reactions will also affected by the steric chemistry, so different chalcones will lead to various yields. www.prkm.co.uk
Conclusions
In this work, a heterogeneous synthesis of dihydropyrazole derivatives has been established using commercial CaO as a solid base. The catalytic performance was greatly enhanced by modifying the commercial CaO with an organic modifier, benzyne bromide. Thus the yield of 3,5-diphenyl-4,5-dihydropyrazole-1-carboxamide rose from 71.2 to 91.2% after the CaO was modified. Besides, the type of the chalcone has a great effect on the product yield, and chalcones with an electron-withdrawing group give higher yields. Furthermore, the modified CaO shows good stability in moist air, which is very important in an organic reaction. The resistance to water of modified CaO can be attributed to the benzyl groups on the CaO surface, which protects the catalyst from water, and conversely improves the adsorption of reactants to the catalyst surface. The characterisation by FTIR and TG shows that the modifier bonds to the surface of CaO chemically and the hydration of CaO during the modifying process is very slight.
